In the frequency division duplex (FDD) system, the receiver (Rx) sensitivity is greatly degraded due to desensitization and cross-modulation distortion caused by a large transmitter (Tx) leakage power [1] . A large power signal from the power amplifier is leak into the receiver due to the finite Tx-Rx isolation characteristic of the duplexer and as a result desensitizes the receiver, makes a cross-modulation distortion in the frequency band of the jammer signal. Especially, because the frequency of the jammer signal is very close to that of the desired signal, the cross-modulation distortion component severely degrades the signal-to-noise ratio (SNR). The degradation of SNR becomes more severe as it passes through the RF active circuitry such as low noise amplifier (LNA) and mixer. In order to alleviate the stringent linearity requirement of the front-end circuits, an additional film bulk acoustic resonator (FBAR) filter with very sharp out-of-band (OOB) rejection characteristic is adopted at the back of the LNA in order to remove Tx leakage signal. However, this increases cost and requires more printed circuit board (PCB) space. Unfortunately, considering there is no center frequency tenability of the FBAR filter, the evolution from 4G to 5G makes this problem worse.
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The high Tx-Rx isolation characteristic of the FBAR duplexer is highly required to reduce Tx leakage signal level and remove an additional FBAR filter. For this, the filter order should be increased, but this approach increases the insertion loss of the filter. Therefore, it is desirable to improve Q-factor performance of the FBAR itself in order to achieve high Tx-Rx isolation without increasing the filter order. Considering the Q-factor of the FBAR is determined by the impedance ratio between passband frequency and stop-band frequency [2] , to minimize the impedance level at stop-band frequency is much more effective for increasing the Q-factor of the resonator. From the perspective of the process development, because the impedance level at stopband frequency is limited by the inherent parasitic resistance component like acoustic scattering loss [3] , this requires much complicated processing steps and severely increases the development cost and period.
In this paper, a process, voltage, and temperature (PVT) insensitive single-ended CMOS negative resistance circuit is proposed to cancel the inherent parasitic resistance and enhance the Q-factor of the FBAR. It is very important to keep constant value of the negative resistance because the circuit is prone to oscillate when the absolute value of the negative resistance is greater than that of the parasitic resistance. By adopting the common source amplifier with diode-connected load and proportional to absolute temperature (PTAT) current source to the single-ended positive feedback-based negative resistance circuit, the negative resistance value of the proposed circuit becomes quite stable over PVT variations. In the simulation under the typical corner conditions (tt, 1.2 V, 27°C), the proposed circuit shows a negative resistance value of -5.1 Ω at 2.06 GHz frequency with a power consumption of 4.7 mW at a 1.2 V supply. The variations of the negative resistance value by temperature (-40°C ~ 100°C) and process corner (ss ~ ff) are less than 0.4 Ω and 0.2 Ω, respectively. In order to verify the effectiveness of the proposed circuit, the equivalent circuit model of FBAR and 5 th -order ladder type filter were established for the simulation, and then OOB rejection characteristic with and without the proposed negative resistance circuit were compared. In conclusion, the proposed negative resistance circuit improves OOB rejection characteristic by 22 dB with the noise figure (NF) degradation of only 0.2 dB in passband.
